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S U K M A E y 

See original paper, page 501. 

The importance of molecules labelled with 15lJ in Studies in 
biology, medicine and physical chemistry is well-known. In particular, 
fertilizers labelled with this isotope are often employed in"agronomy. 
For economic reasons, large amounts being necessary in studies"of this 
type, biologists usually use only nitrogenous molecules whose amount of 
i3H enrichment is lov,: in general the isotopic content is between 1 and 
2 «̂ N atoms per 100 atoms of nitrogen. V/e recall-that the natural 
abundance of the isotope of mass 15 is about O.366& Thus a method of 
determination is most useful between these values: wo shall limit 
our study to this range of isotopic concentrations. 

Of the analytical methods mass spectrometry is naturally the 
best adapted to this type of measurement. Nevertheless, always for 
economic reasons and because optical spectrometers are found more 
frequently in laboratories, we often employ them for isotopic determinations, 
ine precision is then generally not quite so good; this disadvantage is 
not very serious for most agronomical studies, which necessitate only a 
precision of several percent. 

Use of optica] spectrometry for isotopic determination of 
nitrogen has been well-known since the work of HOCH and V.EIS8ER 1, which 
has been developed by various authors 2~ 6j an historical survey was 
provided by LEXER in 1962 4. For several reasons it nevertheless has 
appeared necessary to xw to carry out a new examination of the possibilities 
of emission spectrometry applied to tho determination of 15*1 : the range 
of isotopic concentration between O.36 and 2 atoms of 15ff per 100 atoms 
of nitrogen has, in fact, bee:i studied only summarilyj thie is explained 
by the experimental difficulties encountered? ths most important is 
linked with the existence of 3 lar.;e f^ctr-i background J* for the natural 
abundance this backgro-.md is equal to or plater than the intensity of 
the hand attributable to the csleeule 14N15K, no matter what the pair of 
bando used for analysis [Over the range of ieotopio concentrations that 
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that interests us the relative amount of 1/N2 molecules is BO low that 
no band attributable to this molecule can be detected on our spectra]. 

On the other hand, the operating conditions have not been 
stated precisely enough and vary greatly from one author to another; in 
particular, the choice of the pair of bands used for the analysis 
naturally depends on the equipment and on the interferences with the 
bands of possible impurities; but with spectrometers of similar type, 
both equipped with a quartz prism, GORBUNOV AND SAGOREC^ in 1955 chose 
the transition 2—>0 of the electron transition system C (̂ F ji)*-^BC^Tg) 
of nitrogen as the pair of bands for analysis, while in 1960 MEIi3R4 
used the transition 1-sO [jn a recent paper MEIER and MBELLER^ propose 
the use of the transition bands 2—5 0 and 0—» 2 or 1—>3» hut under 
different experimental conditions]. 

It is therefore necessary to conduct a complementary study, 
particularly for the range of concentrations of interest to us, where 
the estimations are difficult to carry out, especially if we wish to 
work quickly. 

We shall first indicate summarily the apparatus used and then 
examine successively the pairs of isotopio bands that can be used in this 
analysis; as it is impossible to eliminate entirely all the interfering 
gases in routine estimation, we shall choose the pair of bands that will 
be least affected by the presence of traces of impurities. Finally, we 
shall present a series of quantitative results which will be discussed 
and compared to those of mass spectrometry. 

EXPiSRIMENTAL 

J. 

Apparatus and Samples 

The presence of an isotope of mass 15 in the nitrogen 
molecule causes a relatively high isotopic displacement of certain 
bands of the spectrum. For the system of electron transitions 
C (3TTja)«-}B pTTg) these displacements are + 6.10, + 3.60, -3.64, 
-8.35 and -7.27fi respectively for the transitions 2-*0, 1-* 0, 0-^1, 
0—?2 and 0—53 (cf., for example, ref. 4)J only the transition 0—>0 
naturally presents only a very low isotopic displacement (+0.11 %), 
The resolving power necessary to separate the bands attributable to the 
14N2 a n <^ ^N'5N molecu3.es is only about 1000 in the most unfavourable 
case, with the exception of the transition 0—*0; spectrographs of 
medium dispersion therefore allow us to carry out isotopic analysis 
of nitrogen. 

We used a Hilger and V.'atts apparatus, model E 742, equipped 
with a quartz prism; v/e modified it to facilitate and accelerate 
quantitative measurement, as has been described elsewhere'j the detector 
placed behind the exit slit was an RCA 1 P 28 photomultiplier, whose signal 
was amplified and recorded. 

All the previous papers *~° show that electrodeless discharge 
tubes containing nitrogen and excited by high frequency constitute light 
sources suitable for carrying out this isotopic analysis; nevertheless 
the experimental conditions had not been defined precisely; in particular, 
the excitation frequency, the form and material of the tubes, the influence 
of impurities on discharge stability and the luminance of the sources 
had to be examined in a preliminary study 7>&. We used an excitation 
of several tens of mega-Hertz, which is preferable to working at several 
thousands of mega-Hertz; the high-frequency generators have been described 
previously 7>°»»°f and the precautions indispensable for preparing 
brilliant, stable sources have been indicated 7,8, 

i 
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3. 
V/e h.we examined samples consisting of ammonium salts, 

nitrogenour. fertilizers or dry plant extracts (Columbia maize). The 
nitrogen is obtained, for example, by the action of sodium hypobromite 
according to the Rittenberg reaction (cf., for example ref. II), tha 
complex nitrogenous compounds, being previously converted into ammoniiau 
salt by the Kjeldahl method. 

The method of measurement depends on the nature of the initial 
sample: for &;•,;•.oniun sulphate we use about 20 rag; for plants we use 
about 1 g of &••$ extract [Recently FAUST 1 1 and MIDDELBOE and PROKSCH12 

have reduced the initial sample to a few mg by carrying out the oxidation 
of the ammon.iui'i salts with copper oxide]. 

CHOICE CF PAIR OP BAUDS FOR ANALYSIS 

Of the nost intense bands of the spectrum of nitrogen, for 
the transition system C(3p^i)*-i;B(3TTg) the transitions 0->2, 1 —<i 3» 
0—>1 t 1—> 0 and 2—^0 were used to carry out isotopic determination 2~". 
From all these papers it is impossible to deduce which pair of bands 
is best adapted to determination of small amounts of nitrogen 15. We 
shall see in fact that the first three of these transitions give bands 
which are situated in regions of the spectrum where the spectral 
background is intense; the fourth gives bands which are superimposed 
on bands of impurities; the fifth, finally* was proposed in 1955 by 
GORBUNOV and SAGORBC 3 a 3 a p a i r of bands for analysis, but their 
attempt was not entirely conclusive, their spectrometer being an 
apparatus using photographic plates. At the timo when we took up 
this study again the transition 2—> 0 had not been used to carry out 
isotopic determination of nitrogen with a photomultiplier as the detector 

V/e have therefore had to carry out a systematic examination 
of all the pairs of sufficiently intense isotopic bands. To do this 
v/e have recorded a spectrum of ordinary nitrogen from 4500 to 2500 A 
(Fig. 1). By U3ing the work of BROIDA and CHAPMAN2 we have located 
the main bands which correspond to the following transitions (starting 
with long wavelengths) t 0-? 2, 1-» 3, 0-$ 1, 1-^2, 0-^0, 1 -» 0, 
2—/1, 3-* 2. 4->3> 2-> 0, 3-»1> 4-» 2 [This spectrum and its assign
ments are in good agreement with a recent paper by Meier and Mueller^]. 

As we desire to work with isotopic mixtures of nitrogen with a low 
content of ^N^N, it will be necessary to choose a transition causing 
a sufficiently large isotopic displacement and for which the spectral 
background xxnder the band corresponding to this molecule is as weak as 
possible (so that the possible fluctuations of this background do not 
have too much effect on measurement of isotopic abundance). Another 
criterion in our choice will be to avoid interferences from bands 
originating from impurities. V/e shall successively examine the pairs 
of bands corresponding to the transitions of the system C(3j"jji)ie—rB(3jjg) 

Examination of the spectrum of nitrogen 

The spectrum reproduced in Fig. 1 allows us to proceed to a 
first sorting, taking into account the relative position of the bands 
due respectively to *4N 2 and 14IJ15N. 

Transitions loading-to negative isotopic displacement 

For the transitions 0 -M» 0-* 2, 1-* 2 and 1 -> 3 
the iaotopic displacement 

A ? \ « \1/|N15N -X14»2 



4. 
is negative (for example, for the transition 0 -T> 1 it is -3.64A and 
for 0—N?2 -3.35). Tris^negative displacement causas the band 
attributable; to tho ''•I{'--'i' molecule to be superimposed on bando of 
the 1%2 'molecule, a^ is shown in Fig. 2 (the case of the transition 
0—>2). As the rune;.-' of .\sotopic concentrations that interests us is 
between 0.36 and 2)3, the height of the spectral background under the 
band of thy ^%^1\ T molecule then reaches 10 to 15 times that of this 
same band. Furthermore, with a quartz prism we are in a spectral 
region whoro the resolution is not excellent : we have to close many 
slits of th« Rpoctro::oter 30 the signal to noise ratio is low. £ach 
of these reasons is sufficient for our not using these transitions for 
the isotopic analysis envisaged. 

Transition 0 ~) 0 

The isotopic displacement is practically zero (+ 0.11 A ); 
in spite of the very high intensity of the corresponding band, it is 
therefore useless fox* isotopic analysis with the spectrometer at 
our disposal. 

Transitions 2H, 1, 3-M, 3 "3 2, 4 ~»2 and 4-^3 

They show a positive isotopic displacement; but the 
proximity of adjacent bands originating from other transitions 
causes an intense spectral background at the point where the band 
attributable to the molecule of mass 29 occurs. 

These bands are not equally appropriate for isotopic 
determination of *% 1?W. 

Transitions 1 -» 0 and 2 -»0 

Finally, we examine the transitions whose band heads are 
situated at 3159.3 and 2976.8 8 for the 1 % o molecule. They show 
isotopic displacements respectively of + 3.6O and 6.10, which place 
the bands attributable to the "^H^/N molecule in front of the band 
head oi" the "••ftp molecule, at a location where the spectral background 
is low J the relative disposition of these bands is therefore, a priori, 
more favourable for isotopic determination of nitrogen. The more intense 
of the two is naturally the band situated at 3159»3A corresponding to the 
transition 1 —TT 0 (there is a ratio of about 6 in their maximal intensities). 
This is the one that has been most used 2»4; but its isotopic displacement 
is lower than for the transition 2—*0, whose band occurs at a lower 
wavelength (2976.8 for the molecule of mass 28). We shall therefore be 
able to use wider slits, the more so because with our apparatus with 
quartz optics the resolution 3.3 better in this spectral region; finally, 
we shall be able to obtain at 2976.88 a signal practically equal to that 
observed at 3159.3A, although this latter value is a little nearer the 
Daximum sensitivity of the photocathode of the HCA 1 F 28 photomultiplier. 

Spectra of the impurities 

As we wish to work rapidly we cannot suppress all traces of 
interfering gases; it is therefore necessary to compare the spectra of 
nitrogen and those of the impurities to locate the pair of bands for 
analysis which is least affected by the presence of the latter. The 
most frequent impurities which accompany nitrogen in the tubes are water 
and oxygen. These impurities are sometimes difficult to excite; in 
consequence of work on molecular lasers, which has shown that nitrogen 
can in certain cases transmit its encr.^ to other molecules (cf., for 
example, ref. 13), it could be expected that the excitation of these 
impurities would be easier in the presence of nitrogen; furthermore, in 
the case of oxygen mixed with mitrogen, oxides of nitrogen are perhaps 
formed in the discharge; the conclusions of the present qualitative 
study should therefore be verified using a mixture of these gases and 
oxygen during the measurement of isotopic abundances. 

file:///sotopic
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Water. 

Fig. 3 represents the spectrum of Lhê  water vapour at low 
pressure in the spectral region consxdered. L^his spectrum had to 
be recorded several times as the lamp had to be regenerated at about 
5-minute intervals because of instability of discharge signalled in 
addition ?»°; the ratios of band intensity are therefore perhaps not 
strictly exact, l.evertheie3s, this spectrum is similar to those in the 
literature (cf., for exnaple, ref. 4)1 5 w e show here the positions of 
the tran5j.it.i0ns 1—• 0 and 2-^0 of nitrogen. We note that an intense _̂ 
band of water vapour (vibrational band 0—>0 of the system A 2X + ^ X 2 l ! i + ) 
is superposed on the transition 1 —}0 of nitrogen; in spite of all the 
care taken in the preparation of the tubes and although we eliminate 
most of it in order to have a stable discharge '» , there always remain 
traces of water vapour in the tubes. Thus we can work on the transition 
1 —> 0 only by trapping the water with liquid air in the tube itself 
during operation; it is this difficulty that has led certain authors^ 
to U3e discharge tubes of complicated shape. Analogous conclusions can 
be drawn from all of the papers of HEIKR4. 

In the region of 2980 A only bands of very low intensity appear, 
in particular at 2937 A, which are not superimposed on the isotopic 
bands of nitrogen. 

Oxygen 

Fig. 4 reproduce 3 the spectrum obtained when we fill the 
tube with oxygen at a pressure of about 1.5 torr; here we have recorded 
the positions of the nitrogen bands: we note that the transition 1-^0 
need not be affected by the presence of oxygen. On the other hand, a 
weak band of this molecule is superimposed on the band of nitrogen 
situated at 2976.8 2 (corresponding to the molecule), whereas no 
interference i3 to be expected for the band attributable to the 1 % 1 5 N 
molecule; only the band situated at 2976.8 8 can therefore be slightly 
modified by the presence of oyygen; but, for the range of isotopic 
concentrations with which we are concerned, it is a question of the 
most intense isotopic bands the influence of this possible impurity 
would be minimal when the band due to the oxygen is of rather low 
intensity, as we can see by comparing Fig. 1 and 4 (bearing in mind 
the shunts used to record each of these spectra). Kevertheless in order 
to confirm that the presence of traces of oxygen do not falsify too much 
the measurements of isotopic abundances we shall carry out several 
measurements with oxygen-nitrogen mixtures (see RESULTS). 

Finally, we note that it is impossible to find a pair of 
completely isolated analytical bands; we shall use the transition for 
which the impurities will have the least influence possible* the traces 
of adsorbed water in the discharge tube being the impurity most difficult 
to eliminate in a short time, it is for the 2—>0 transition that the 
situation seems to us most favourable; quite recently JffillK has confirmed 
this choice; it is corroborated by the measurements carried out with 
mixtures of nitrogen and these interfering gases, as we shall see in RESULTS. 

The possible presence of ammonia seems rather unlikely, trapping 
with liquid air being very efficient. As a precaution we have nevertheless 
introduced ammonia into a series of tubes; in sll cases the Bpectrum 
obtained was identical to that of a mixture of hydrogen and nitrogens the 
ammonia would uecom^ose in the discharge, 'fhxs fact lias recently been 
confirmed ^ . On the other hand, since the ammonia could come only 
from the flaok where the itittenberg reaction took place (too small an 
amount of hypobromite), it has the isotopic content of the sample to be 
determined: any trace of ammonia would therefore not interfere if it were 
not accompanied by a decrease in luminance and stability} the water vapour 
is in fact .introduced into the tube at tiw same time as this impurity. 

http://tran5j.it.i0ns


6. 

MEASUREMENT OF ISOTOPIC ABUKDA11CE 

Usually we work a t 2976.8 and 2982.9 8 ( 2 ^ 0 t r ans i t i on ) . 
However, we 3hall report several examples of measurements made at 
3159*3 and 3162.9 A (1—/0 t rans i t ion) for confirmation of the above 
observations. 

EzTDression of r e su l t s 
- i rn 1 • 

Measurement of isotopic abundances is carried out simply from 
recordings of spectra; but as we wish to apply to samples with a low 
nitrogen 15 content the technique usual in emission spectrometry it ill 
not be usable directly because of the large difference in intensity of 
the two bands that we wish to compare. 

Frinciple of the classical method 
V/e shall describe it, for example, for the 2—>0 transition; 

in the 2980 A region the spectrum of nitrogen appears as is shown in 
Fig* 5» which reproduces the spectra of a LI270 sample. We wish to 
determine the isotopic ratio. 

R̂  H « number of '%2 molecules/number of '4H'?R molecules. 
We assume that the intensity I of an isotopic band is 

proportional tc the number of molecules in the corresponding isotopic species; 
thus 

R ± H « I 1% 14N / I 14N 15N. 

Finally we make the approximation that these intensities 
are proportional to the heights of the bands at the maximum intensity, 
bearing in mind the shunts used to record the spectrum of each of 
the two bands of the pair of bands analyzed; 

p ir H . sh. h 
Ri#h shTS 

where H and h are the heights of the bands corresponding respectively 
to the 1 % 2 Btoti- h 1-^ molecules and sh.H and sh.h the values of the 
shunts used to record the bands situated respectively at 2976.8 and 
2982.9 X ; we can therefore calculate the number of atoms of nitrogen 15 
for J00 atoms of nitrogen (14 + 15)* 

15N/i = number of atoms of nitrogen 15/100 atoms of nitrogen (14 + 15) 
« 100/ (2 % + 1) 

[The number of atoms of nitrogen 14 is proportional to 2H + h; the number 
of atoms of nitrogen 15 is proportional to h + 2 , where £ is the height 
of the band attributable to the ̂ Ng molecules, which cannot be detected 
in our spectra. The number of atoms of nitrogen 15 for .100 atoms of 
nitrogen 14 is given by (not introducing the values of the shunts to 
simplify writing): 

10O . h < 1 + 2s/h / 1 ( X ) 

2H 1 + h/2H 
and, finally, taking into account the equilibrium constant of the reaction 

% 2 * 15N 2 ^± 2
 1 4H 1 5K 1 

1 5N^ / % ~ 100/2 R A 

Usually we prefer to give the results as the number of atoms of nitrogen 
15 per 100 atoms of nitrogen (14 + 15) 1 

15N 
1 ^ - 100 - 100 

14n + 15N T U m 
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In biological studios: the content of nitrogen 15 is often expressed 
by '-*N/> ex. which is tho number of atoms of nitrogen 15 per 100 
atoms of nitrogen (14 + 15)» which exceeds tho nr.lural iaotcpic abundance* 

» ex. «* 15Ny6 - 0.365.] 

We must determine R^ H for each spectrum, then calculate the 
value of 

Determination of tho isotopic ratio % 

. The heights H and h must be measured at the intensity maxima 
of the bands situated at 2976.0 and 2982.9 A*. As in all the cases 
where we wish to compare the intensities, of two lines or bands whose 
ratio is high (we recall that for ordinary nitrogen R^ is about 135»6) 
there is a problem of origin for tho less intense one. 

For abundant isotopic molecules the origin is well-defineds 
it is the spectral background itself, wliich, considering the operating 
conditions, i3 in general identical ?/ith the zero of light. Measurement 
of H is therefore easy. 
» 

For the band of the less abundant isotopic molecule, on the 
other hand, we have to find a method of reading the spectra allowing 
us to determine precisely the spectral background under thi3 band. 
Although we may have chosen a transition for which the band due to 
the 1%"'-,K molecule is on the steep side of tho band head attributable 
to the 14jJ2 H molecule, it is superimposed at the foot of the latter 
(see Pig. 5)» This is due to the slit widths used and the natural width 
of these bands. It is necessary to find a point on the spectrum which is 
not modified by variations in isotopic contents or by the possible presence 
of very small bands due to impurities. The intensity minimum between the 
two analytical bands is evidently unsuitable; the same applies to the 
immediate neighbourhood of the foot of the band of the ^ % ^ 5 N molecule 
(principally owing to a very weak band of water vapour at about 2987 X ). 
V/o then take as the spectral background a point situated at 2992 t 1 ft , 
a perfectly clear region of the spectrum even in the presence of a relatively 
large amount of impurities} we measure at 2982.9 A* the total height hy by 
taking this spectral background as the origin: then* 

hy - h + h 1 

h' being the height of the foot of the band due to the molecule at 
2982.9 &. Thi3 latter quantity is evidently proportional to H, taking 
into account the shunts used tc measure these heights. V/e can therefore 
express h' in percent of H: 

t1 . XH 
100 

sh.h 
8h.H 

Finally we have: 
h - XH 

100 

To determine the spectral background x we U3e samples with known contents, 
and we do not change the operating conditions during a series of measurements. 
Knowing % for these standards, H being measured taking into account 
the shunts, we can deduce from them the value of h. This then allows 
us to calculate the value of x. This spectral background, expressed as 
a percentage of H, can then be used to determine h from hj and H for the 
samples of unknown isotopic content. 

As we are working within a small interval of Isotopic concentrations 
(0.36g to 1.5/* of nitrogen 15) and as x is also small, we will be able to 
use practically the same value of x in all this range of isotopic concentrations, 

t /#!••' 



8. 
which will avoid drawing calibration curves. It is of interest, to determine 
x with maximum precision, to take a sample with an accurately determined 
content and to give a value to h 1 which is es high as possible with respect 
to h: the most convenient sample is naturally natural nitrogen. In practice, 
to measure this spectral background we have used samples of ordinary 
nitrogen taken either directly from a bottle of compressed nitrogen or 
from ernmoniuin salts treated according to the Kittenberg method. 

Before any series of Measurements of isotopic abundance we 
record under identical experimental conditions spectra of samples of 
ordinary nitrogen, from which v/e obtain a mean value of x; this value, 
depending on the resolution used, varies from 0.34 to O.4O73; usually, 
for slit openings of 0.1 mm (&?id a slit height of 20 mm) we found 
x « O.36 _ 0.02>a of H. V/e verify periodically that there is no abnormal 
fluctuation of x. 

Presentation of Results 

Experimental Conditions 

The spectra are recorded between 2992 and 2975 ° with entry 
and exit slits open to a width of 0.1 mm; entry slit height is between 
10 and 20 mm, depending on the series to be measured. Our sources are 
of small diameter, so to facilitate adjustments v/e use an optical con
jugation of the source with the spectrophotometer which gives R large 
enough image on the entry slit (6.4 cm focal length quartz lens placed 
30 cm from the entry slit, the source being 38 cm from the latter). 

The recording rate is about 6 A per minute, and each determination 
is the mean of three measurements: as each of them require about 3 min. 
the total duration of one determination is 10 min. 

To verify the conclusions "expressed during the qualitative 
study, several spectra are recorded with the pair of bands of the 
1—>0 transition; the slits are then opened to 0.02 mm, the other exper
imental conditions being unchanged. 

Results and comparison with those of mass spectrometry 

To confirm the choice of the pair of analytical bands we 
first work in the 3160 8 region (transition 1 -*0), then we sh-dl present 
the results obtained with the 2 ~> 0 transition bands. 

Table I shows several examples of determinations carried out 
on the pair of isotopic bands corresponding to the 1—}0 transition (the 
measuring technique being identical to that described above for the 2-*0 
transition). As we could foresee from what we have said above, reproducibility 
of measurement is unsatisfactory (* 0.03^); the differences between measured 
and expected values are always of the same sign and often large (+ 0.02 to 
+ 0.07/w). There is therefore a systematic error; in the most favourable 
case the precision is only 1&/o. From the work of MBIER^ and conclusions 
from examination of the spectra, it appears that the systematic error is 
due to the presence of trace3 of water in the tubes. To carry out the 
determination with this pair of isotopic bands v/e must, as did KEIER^, 
cool part of the light source with liquid air; this has the inconvenience 
of complicating the mounting of the high-frequency exciter and, above all, 
leads to a large decrease in luminance and tube stability, which results 
In a signal report on weak sound and poorly reproducible R.H values; 
therefore we do not report them here. 

As foreseen, measurements of isotopic abundance are not very 
precise when we carry out the measurements on this pair of isotopic bands. 
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With the two isotonic bands of the 2-4 o transition, on the 

other hand, v/c i::ii«t obtain more satisfactory results, because the presences 
of traces of watr-r no lonr.or interfere as much, as is shown by the 
spectra of nitrogen and water (Fig. 3). 

Table II collects a series of values of '<Nl/S that we have 
determined during this work; for comparison ;7e have 
added the results obtained at the same time by mass spectrometry 

with the same samples. 

For each series of three raoasurenents the reproducibility 
is i 0.01)~O (distinctly higher than that obtained with the 1—)0 transition). 

The maximal deviations with determinations by mass spectrometry 
are about J/J for samples whose content is close to the natural abundance; 
it i3 about 1/J for those with a content.of nitrogen 15 close to 1.55*. 
It is thought that the precision is of the same order of magnitude. 
In all cases the precision of the measurements is higher than the 5/° which 
is necessary to interpret the results of most biological studies. 

5 
In a recent paper SOLJ&IR and XICK have reported that their 

method of filling electrodeless tubes caused memory effects. Examination 
of Table II, where we have presented the results in the order in which 
the analyses were carried out, shows that with our method no memory effect 
is manifested. One tube was filled with a nitrogen sample ouch more 
enriched with nitrogen 15 (about 10$ than those that we normally use; 
this tube then served to deter.iu.ne isotopic abundance of a sample of 
ordinary nitrogen: no anomaly was then noted, which confirms the absence 
of memory effect. The effect observed by S0I.K2R and KICK 5 i s probably 
due to the fact that their light sources do not appear to have been 
degassed at high temperature between each filling. 

V 8 
Presence of impurities in lamps reduces reproducibility '* ; 

furthermore, at the microtrace level they could introduce systematic 
errors into measurements. In this regard we prepare mixtures of nitrogen 
and oxygen or of water vapour; this allows us to determine precisely 
the amounts of these interfering gases tolerable. The results are 
summarized in Table Ills large amounts of oxygen are required for 
reproducibility to become poor; this impurity in low amount does not 
introduce systematic error. It appears that the same applies to water 
vapour, but, as has already been noted '» , the presence of the latter 
in tubes cause a considerable drop in luminsmce of sources and discharge 
becou.es unstable. 

Traces of oxygen thu3 do not interfere much, a3 qualitative 
study allowed ua to predict; for water vapour, use of the 2—*0 transition 
allows us to suppress the error noted on the 1 —J 0 transition; nevertheless, 
for reasons of stability and source luminance it is necessary to degas the 
tube3 by heating under vacuum for about 10 minutes. These measurements 
thus satisfactorily confirm the observations made during'the preliminary 
qualitative study '»8. 

CONCLUSION 

Use of the pair of isotopic bands corresponding to the 2-^0 
transition of the system C (3fr"u)f-*B (3 fig) of nitrogen allows us to 
determine nitrogen 15 contents in mixtures of and containing 
low proportions of the latter molecule. For this pair of bonds the presence 
•of traces of the most common impurities has no appreciable influence on 
isotopic determination under the operating conditions chosen. With the 
samples of varying origin that we used (ammonium salt* fertilizer and plants) 
precision of measurement (l63>£ depending on the amount of 14N15N in the 
mixture of gases) is clearly higher than that necessitated in agronomic 

http://deter.iu.ne
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10. 
studies (5 to 6 $ , even in the case of isotopic contents close to natural 
abundance. For each sample the analysis time does not exceed 10 minutes. 

Manufacture of electrodeless discharge tubes is simple and 
rapid, the operating method suppressing all effect of memory; their 
high-frequency excitation, to obtain stable sources and sufficient 
luminance, does not require complicated apparatus: a low-power oscillator 
easy to make is entirely satisfactory. 

Finally, this work shows that it is not necessary to use an 
improved spectrometer: a classical spectrograph on which we mount 
an exit slit followed by a photoraultiplier to replace the photographic 
plate allows us to carry out these isotopic analyses rapidly and con
veniently with a precision sufficient for many studies where nitrogen 
15 occurs as a tracer. 
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Pig. 1» P. 489 
Spectrum of ordinary nitrogen. Tension « voltage. 
'Fig. 2, p. 490. 
Spectrum of ordinary nitrogen; enregistreur = recorder. 

Fig. 3, P. 492. 
Spectrum of water 
Fig. 4, p. 493 
Spectrum of oxygen 

Pig. 5, P. 494 , 
Spectrum of nitrogen enriched with '<N 
Table I, p.497 , 
Examples of determinations of 1~N/» 
(Transition 1—>0) 
Samples Values Differences 

Expected Measured 
Table II, p. 498 
Comparison of results obtained by emission 
spectrometry and mass spectrometry 
(Transition 2-}0) 
Sample Emission Mass 
no. spectrometry spectrometry 
Footnote: 8 Mean of 3 measurements - Maximum deviation 

of these 3 measurements t + 0.010. 
Table III, p. 499 
Influence of impurities on the isotopic determination 
of 15Nj£ 
(Transition 2-> 0) 1(-
Mixtures . 3 i ^ • Notes 
of nitrogen and of:Values Lampes » tubes 

Expected Measured degazees «• degassed 
environ • about 
H2O (traces) Tubes degassed for a short 

time (about 3 min.) 
non • not 

H 20 (about %$>) Measurements impossible 
tubes going on and off alternately. 
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»Wl.YSH lSOTOM\H'K DE I.'AZOTE SOÎ. 

<reetronutrie optique est bien connue. Cependant, pour des'mélanges pauvres en 
.i/ote-15 (abundances isoiopiques inférieure- à .; 0„), ]c-~ nîétluidcs proposées ne donnai
ent pa? rapidement des résultats suffi-amment précis. Dans Ic present travail, on 
décrit les conditions opératoires permettant do déterminer les teneurs isotopiques à 
V'o P r^' s : M 1 v o ' s i I 1 a S e tïo l'abondance naturelle et à i''u près lorsque l'échantillon 
.ontient environ 1.5 atonies d'azote-]5 pour 100 atome- d'azote; la durée d'une 
détermination est de 10 minutes. On utilise un speclrohiètrc modifié par substitution 
«l'une fente de sortie et d'un photomultiplicatcnr à la plaque photographique. L'ex
citation des lampes à décharge sans électrode est obtenue par un champ haute fré
quence. La méthode est employée avec, des échantillons de départ de provenances 
diverses (sels ammoniacaux, engrais et plantes) ; dans tous les cas, ia précision des 
dosages isotopiques est nettement supérieure à celle que nécessite la plupart des 
études agronomiques (5 à 6%). 

SOIMARY 

For mixtures of , 4X T2and 1 4 X 1 5 X low in 1 5 X (isotopic abundances less than 2%), 
previous optical spectrametric methods do not produce rapid results of sufficient 
precision. In this paper, operating conditions are described for the determination of 
the isotopic content to ± 3 % near the natural abundance and to ± 1 % when the 
-ample contains art atom ratio of , 5 X : 1 4 X of 1.5:100. The time required for a deter
mination is ca. 10 min. A spectrometer is modified by the substitution of an exit 
slit and a photemultiplier in place of a photographic plate. The excitation of the 
rlectrodcless discharge tube is made by a high-frequency field. The method has been 
applied to samples of ammonium salts, fertilisers and plant material. In all cases, 
the precision of the isotopic measurements was greater than that required for most 
agricultural studies (e,-6°/,). 
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ZUSAMMENFASSUNG 

Für Mischungen von 14NT2 und , 4 X , 5 X in 1 5 X (Tsotopcnhäufigkcit weniger als 
2%) ergaben frühere spektraloptische Methoden keine schnellen Ergebnisse von be
friedigender Genauigkeit. In der vorliegenden Arbeit werden die Arbeitsbedingungen 
/ar Heslimmung des Isolopengcbaltcs beschrieben mit einer Genauigkeit von ± 3 % 
r-.die des natürlichen Vorkommens und von + 1%, wenn die Probe ein Atomverhall-
nis von , 5 X : I 4 X = 1.5:100 enthalt. Die erforderliche Zeit für eine Bestimmung 
* igt etwa 10 min. Das Spektromctcr wird durch Hinzufügen eines Spalts und 

•«.» l'liolomultiplicrs anstelle einer fotografischen Platte abgewandelt. Die Anregung 
r clcktrodenloscn Entladungsröhre geschieht durch ein Hochbequenzfeld. Die 

JjfiliodewnrdezurAnaly.se von Ammoninnisalzeii, Düngern und Pflanzen angewandt. 
h> allen Fällen war die Genauigkeit der Isotopenmessungen {$-()%) grösser als es 
''if die meisten landwirtschaftlichen Untersuchungen erforderlich ist. 
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